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(57) A power control method and apparatus ar& pro- 
vided Sbr a satellite based teiecOTimunicatsorss system 
The -system 'includes a power control subsystem which 
is operative with systems operations center lor distribut- 
ing available satellite- powasr betw^gsi earth stations. 
Each earth -station includes a baseband -manager whidi 
subdivides the available satellite pow^r tefwe&n mb~ 
band beams emitted from the sstefe The earth sf&tkm 
further includes beam processors whsch nonage the 
power allocated to eaah subhand within an assodatsd 
bmm m order to mairst&in a da^r^d &lgm\ quality ifi a 
toward ^ink between the sataHfte and usar terminals 
fie associated subbands, The team processors 
communicate with modems, each of wbscft ss assigned 
to a -particular user terminal. Each modem controls the 
s&teite transmission power In the tofand link to the 
user terminals to maintain a desired sfefraMo-noisa 
mtlo at the user terminal receiver The s*gnaHo~noi&e 
ratio is determined by the corresponding beam proces- 
sor. The subsysi&m further provides a dynamic power 
control foop befc&aen user terminals in the forwancJ and 
return links to maintain a desired signal quality. Tte 
subsystem automatically consols the sateite output 
power terel to ensure proper pmmt emission, by a s&tel- 
IfteJn connection with feeder 8nks from muftple earth 
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FIELD OF THE INVENTION 

The present invention generally relates.- & satellite, 
based Mecommun^tras. Mom specifically, Ih&jnvBrv 
imn relates to a power control subsystem M optimizing 
satellite power usage while majntainjng a dessrad qual- 
ity of servos with user terminals, 

BACKGROUND OF THE ifWENTlQSS 

S&teSfe bas^ telecommunications s^stams have 
been pr^s^d to provid© cel^fer communications ^snks 
between user terminals (msbl)e and fixed) and earth 
stations. The earth stations, \n turn, connect the user 
terminals witfo remote ongimtsng/destln^ion callers 
through public land mobile networks {FLMN)< public 
Qwttchfr^'M^phpm networks, other earth states and 
satellite^ and the Ike. Each user terminal commum- 
cafe with an assigned ®arth station along correspond- 
ing forward and return links which are supported % a 
satellite which rm the user terminal and mtth station In 
its f iefcS of view.. 

Each s&teHite indudes at [east one antenna which 
delinks its garth coverage region or footprint. The s^bI 
lite anfenna{s) divide tie coverage region into multiple 
beam spots. Each he$m spot i$ assigned M least on© 
frequency subband along which c^nimmicatfens Sig- 
nals travel in the forward and refers directions between 
user terminals and ©arts stations. Each subtend may 
support Gommuri cations from a plurality of user terms- 
nals. The user termsnafe are assigned unique transmis- 
sion channel or "circuits" within an associated 
subb&nd. A channel or "ciraarf represents a unique 
patr aiong which the corre^Donding user terminal trans- 
mils and recaves RF signals mif^Mng discrete frames 
or packets of cOTmunioations data and/or command 
informatioa A channel or circuit may be defined in a 
variety of ways, depending upon tie system's coding 
t^hnsqua such as time dev&k?n mulpie access 
{TByA}, frequency division multiple access (FDMA) 
code division multiple access (CDMA), a? any combina- 
tion thereof. 

The trensmsttere in each earth station, satellite and 
user tem>$nai emit an RF signal v*1th sufficient power to 
ensure that the intended receiver resolves f*e RF signal 
with a dsssrsd quality of service* The quality of service 
of a ce^TOWicatas jink Is dsp&ndent on the $egn&§-to* 
ndse ralso (SfriR) of the RF Signal Different types of 
user terminal (portable* fixed, fecial geographimity 
specific, etc.) have associated minimum SNR levels 
required to Word a desired quality of service Thus, 
e&oh e&te&ie must tansmit RF signals in associated 
$ufcband& at varying power levels tp maintain the 
desired qua% of service which depart upon the 
inte^ided user terminal type 

Inadditsoa satefes vary the RF signal transmis- 
sion power f&refe be^aen suhbands and between 



channels sn a subband to account lor system factors, 
such as the position of the beam spot for an associated 
subband, the number of user terminals asaigned to the 
subband, the position of the user terminsis within the 

5 associated beam $pot> the amount of interference 
between the user terminal and satellite (fain, tbg, 
douds, etc*3> the distance to the user terminal and the 
like. The abo^e-noted system factors continuously 
change, and thus the satellite n^st continuously update 

1# the transmission pwer level of RF signals in each sub- 
band to each user terminal 

However, each satellite is attorded a to&ed supply 
of power. Each satellite has many pc^er demands upon 
this limited suppfy. Thus, it Is desirable to majdm^a tse 

rs transmi^sjon a^idency. To .do ^o, sateiiite arstertnas 
have been implemented v^h nonlinear anpiisers which 
drive fJie antenna army to transmit iha RF signal. How- 
mm, driving the nonlinear ampfo* B@r$ too far into satura- 
te will oause excssafve srttermoduiat3on distodson as 

.so wefl as reduced ampStfe ref labiisty, 

A need remains for a ^tei^te system which cpti- 
mixes !ha sate^e transmitter aerating power Seval, 
whie maintaamrig a desired qu^% of savice at aad^ 
m®r iarminaL 

^ Moreover, proposed sateiiite systems have been 
unable satfeMctoriiy oontroS the ! 'effedi^e isotropic radi- 
atad power" (EtRP) emitted by an earth station and 
received by a corresponding sataliita. As noted *ove, 
an earth station passes RF senate to a dessred user ter« 

30 m\m\ along a fmwa&i link of a communicate ohannef . 
in the forward link, the assooiafad satellite receives 
each RF signal via a feeder link with the earth station. 
The sateHita than retransmits this racaved BF signal m 
f ie subband of the beam ^xst captaining the destination 

3s user temsnat The sat^lte must transmit th® RF ssgnai 
at a psmm le^e! sufident to provide the desired signal" 
to-noise ratb (SNR) and quaisty of service at the user 
terminal A riead remam fcf a '-satellite system which 
affords sm&rol at tha earth sMbn of the power oufcpwt of 
the eate^ite tbr each channel 

Each satafe may ra^v® RF signals along mum- 
pie feeder isnks from muftpe earth ^tair^is. Each earth 
^ticn bs located a diflfer^t dietanca from the satellite 
and at a different point withsin the satasifta f tekJ of view. 

45 Cons^quemfy, RF ^gnale from difesrri earth statiorm 
rnsy be recsiv&d at d^f^rent power Save^ Ftxver fkscSu- 
aljorm in the rsc^ved RF eignai may farther vary d« M 
slgnai interfer^ce, such as clouds, rain and lika. 
Hencse, RF signals from an aarth station cov^ed by 

so douds wajy be weaker than an RF signal ^om an 
a&rih elation with >x> dcud a>var. A naed remains for an 
improve fead^r iJnk between -^e earth stations and 
s&t&itas. 

The present invention provides m Jrt^fwsd power 
«is controlsate^ts subsystem which overcomes the disad- 
vanta^^ ^saass^i above and a^eriencad m ft^e pa^. 
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OBJECTS OF TOE NVENtlON 

it is an object of the present invention to provide a 
p«r .control - subsystem for a ssteRte based telecom- 
munications system which optimally allocates power s 
among earth stations w?th respect to corresponding 
coverage satellites. 

ft Is a further object of the present invention to 
ensure that the earth stations, sateiStes and user t&^m- 
mls opmm mthln federally mandated power flux den- w 
sity limits (PFD limits). 

It is g further object of the present indention to pro- 
vide an adjustable- quality of service wjMh forward and 
rsturn aomrrajnjcstbne links between earth stations and 
user terminate. » 

ft is a e&rotav object of the present invention to 
enable the quality of servks© to be adjusted based on 
s&fe&te floating, .user poe^on within trie satellite's field 
of view, the forward link signal 4p-nebe ratio and termi- 
nal type, 

St is yet a further object of the preset invention to 
ensure that the power control subsystem maintains cpth 
^ai controi when satellite power usage approaches 
maxiimsrn power limits. 

it is yet a further ohj&cf of the preset invention to 
m\$&i% handover operation between beams ard/or sat- 
ellites to Qptimsze satellate power foad management 

It Je another object of the present i?wenfion to pro- 
vide an aggregate power control subsystem whsch dis- 
tributes satellite RF signal power resources between so 
muit^e earth stations In such a way that the amplifiers 
driving the sateJfite4o--user transmitters are operated at 
a desired point wtftm a nonlinear operating range to 
avoisslgnaS distortion. 

It is & further object of the present invention to pro- $s 
wi& a $$tm&y usaNevei dynamic power control sys- 
tem which adjusts power transm&tteO' to and from an 
individual user terminal to maintain a desired mgml 
qmMy at the user terminal end at the earth station. 

Another object of the present invention is to pro- 4& 
vide, automatic Sevef control of the earth state trans- 
region power (EfRP) and receive feeder link power at 
the sateite, 

BRIEF DESCRIPTOR OF TOE BfSAWi&GS 4& 

Fig, 1 I&istr&teea t#ock dsagram of a sateHite based 
tefecommun^Mone extern according to the preferred 
embodiment of the present invention. 

Fig, 2A io&tfates e biock digram of an earth eta- m 
tier* of a preferred errtodiment of the present irweniioa 

Fig, 28 iustr&tas a detailed block digram of the 
baseband manager and beam processor according ^ a 
preferred embodiment of the prees^t invention. 

Hg§, 8A-3G iu&trate the processing sequence M~ ss 
taped, by the satellite power manager of gie preferred 
embodiment o£ the present snveogdn. 

Fsg, 4 iustratee a more deMed block dtegmni of 
the beam processor of the preferred eni&djrnenl of tie 



Resent invention. 

Fig& 5A and SB Bfustrste the processing sequence 
earned out by the beam processor of Fig. 4 according to 
the preferred err&odiment of the present invention. 

Fig, 8 illustrates a forward link power control loop 
between an earth station end a yser terminal according 
to the preferred embodimait of the present frwertSoa 

Fig, 7 illustrates a return link pokes' control ioop 
according to a preferred embodirne^ of the present 
invento, 

Rg. 8 gflosfratee an automatic leve^ confrofler car- 
ded oyt aooord*ng to the preferred embodiment of the 
^eeent Invention. 

Rgs, 9A and 9B illustrate exemplary RF signals 
transmitted in connection wim the power level control^ 
of F?g. B according to the preferred embodiment of the 
present invention. 

Fig, 1 gensraSy i^uetrates a sateite based tele- 
communraf one system represerrtatsve of a preferred 
ejT5bodiment. The eysle^ ir^eludes & pSurelity of user tsr- 
minaSe 10- which communicate with corresponding §ar!h 
stations 16 via coverage sat^tites 12. Eaoh use^ terrnj- 
ml ooniMnicafes wrih fe assigned earlti etaton via a 
unique communications chann^, A channel includes a 
ferwaixJ Sink fs^m the earth stetson to the user iarmina! 
and a return link from the user -terminal -to the earth sta- 
tion. Each t^rward and return ^nk is iurtfom divided into 
an earth eta^on-to-sate^ite section and a user termanai- 
to-s&talte section, E^oh channel carries RF signals 
within a preas^ned su&b&nd having a oentr^ carrier 
frequency. Each s&tefe divides its coverage area (ag. s 
f ie^d of view) into mulip^e beam epots. Each beam spot 
may Ripport one or more subbands. Thus, the carrier 
frequency o! a partiouiar charted ls d^er?dent upon the 
beam spot covering the user terminal Fig, 1 iMustrstss 
an eKemplarv jrrpiementaition ol cor?i!munjcat«(^$ 

As iteteted sn Fag. 1 , eat^lst^ 30 divides its cover- 
age ares into three beam spots, the boundaries of 
which are defined by daehed lihes 32-35, Bmnn %$x$W 
oovere a firet group of ueer terminals, while beam epot 
3S covers a aeoprtd group of ueer tern>ir5a^e. Terms^is 
40 arx^ 42 communioate along channa^e 44 and 48 0 
reepecJiv^y, wrlh earth statics 28. Charsn^l44 indudes 
a forward link 48 and a return link SO. The s&te&te 30 
re&vs RF eignale along channels 44 and « to the earth 
state 28. 

Satefe 81 Bsrnifarly Mudee myftsp^e beam spots 
48 and SO which support; co^oiunecatsons between 
earth station 23 and user terminal 52, User terminal S2 
communicatee along channel 5B y^hlch hdudes a for- 
«rd Ink 58 and a return link 60. Ae te l^ channel 
82, earth ^aison 28 fmy also comntunscate ^ith user 
termifiaii p>a, terminal 54) which am covered by sate!- 
Mb 31 Earth sMot 28 eqmmunimte© with user termi- 
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naS54via channel 62. 

The earth stations 2B and 29 mmmunfcate wrth a 
system operations center {BOC} 20 trough commune 
cation Snes 22 and 23. The SOC 20 Includes a satellite 
power distribution manager 70 which distributes pcwm 
among satellites 30 and 31 as explained below, 

Ths earth station 28 includes a baseband manager 
150 which ^mwiioi^ with SOC 20 and manager 
power output of the ssteMe 30 mthm subbands 
assigned to me mrth station 28, The Mseb&rid man- 
ager 1 SO communscat^ with a plurality ot beam proces- 
sors 152. Each hmm processor Is assodaiad with a 
unique tern emitted by the satellite 30. Thus, un^ue 
beam processors manage communications within cor- 
responding beams 36 and 38. Each team pressor 
152 reallocates power between channels within ttse cor* 
responding team as a^iained below. Each hmm proc- 
essor 152 oommunecaies with a frailty of modsros 
154, Each modern 154 *s unsqualy associated with a 
channel and operates to maintain a dessred quality of 
service (L«L, signaRo-noise mi&>) for an assod&tad 
user SMnihaK The outputs of the modems 1 §4 are com- 
bined and f rsmsmfttad via antenna 43 to the sataflte 30 
as composes RF signals. 

Th& user terminals 10 may be of dsffannp types, 
suoh as portable terminals, ..cMular terminals* feed/sta- 
tbna^terrjinals, spacial t^miinafe geograpHioall^ spe- 
cific terminals and tb<» 

It is urdarslood that only a subset 74 of the user ter- 
minals may be ac^efy oommuracatsng at any qwm 
time. The system Mocatas a numbsr of "radio 
resources* to each earth gt&tlon Radio resources rep- 
ras^m she number of channel and/or subbands 
assigned to an earth station. Thus, white a group of 
ohannals br radio rssouroas 76 may be assigned to an 
earth station, only the subset 74 ot these tarmsnals mil 
be using radio resources to actively comrma^oata 

By my of axampSe, the system may register the 
user terminals in set 76 with aarth stetson 28 awe these 
terminals are located an a pr^defmad fixed gaographic 
zone of mtmssga assigned to the mrti station. Option- 
ally, this registration may be sSorad on a vs&ta iosate 
raster stead at an asrfrs state, at tha SCO, or at a 
separate module whidl conimynloates .'with, ths* mrth 
stations. Alternative^ tha system may oaicuiat$ ; 
throisgh past syatam demarsda, a number of user immh 
n&Ss whsoh historical havsattsnptad to establish com- 
munications inks with the aaritvsta&on 28 at a given 
time of day Based on \h$m c&te^kms, th$ SOC 20 
informs tha earth station 28 of a predicted number of 
shansmfs to ba needsd as group 78 associated mih 
hmm spot 36. Optionally, in a CDMA erTD&IA coded 
system, tha SDG 20 may prov&da a number codas 
usable wm® mrih s&atai for each subba^id, Tha SOC 
further interns the earth Nation 28 oi tha nyrrfeer of 
uasr terminals a^ected to be m grotp 84 ^feh will 
oommunfeate along subtends c^rre^o^^g to beam 
spot 38. 

The mm imm\m& 10 may be of drrfahng types, 



suoh as portage t^m^nais, oe^lutef term??iafe fjxad/sta- 
§®mry tarmfnafs, spacial terminals, @^>C!^phscal!y spe- 
silso tarmimla and belike St is understood that only a 
subset 74 of tha u&ar terminals may baa^dy cofrjrnu- 

s nioating at an^ gavan time. Thus, whsle a group 78 of 
user tarmiraSs 10 ray be assigned to earth stafer* 28, 
only a subset 74 t«e$e t^fmlmSs will be activity 
^ngagad in Gommmlc&imm at any given tims. 

Sata^it© 30 emits RF signals along each forward 

10 transmission link in channels 44 and 46 at a power 
demand iwel determined by the aar^i station 28 (as 
expfain^d b©^v). 

Each sut^and may support multiple communfoa- 
tians ohannais basad on any of sevaral oomm^nicslion 

is taohnlquas, suoh as TDMA, FDMA fl CDMA, and any 
combination thereof. The transmission pwar laveia of 
&{\ channels within a su^and are combined to deter- 
mlm the pwar dar^emd at tha aatallita for the aasod- 
aled sitoand. Each earth station is assjgnsd to 

so sr^i^dua^ baam spots and c^aratas to eontro^ the pow&r 
&®mmd fer each aubband wWnm the baarn spot By way 
of acampSa, a satallita 30 may coqsarata with a singia 
^arth station 2B and thus, tha earth sta^an 23 controls 
powm demand ot every b^am spot for Si© satallit« 

^5 Ho^war, wttan muHipie earth stations 28 ami M opar- 
ata w\th a ssngla satafHta 31, each aarth sMion is 
ass^ned to a subset of the beam spots for the satellite 
31. For irts^nce, mrth station 28 may ba assigned a?1 
user terminal in beam spot 4S P white aarth ^afe 29 

bo may be assigned all user terminals in the mma^ng 
beam spots 4S and 5tL Ascordin§l^ earth station 28 will 
control the power emitted by the satel^ta St wKhin beam 
spot 48, whsla earth station 29 woufd controJ tba power 
@m&t$d by tha satellte within the ramaining beam ^ots, 

s$ The systems operato career (SOC) W Is raspon- 
sfeia ford^HMng the pwar availabSs far uss by €sash 
safafe The systems operate obiter (BOG) 20 
teMas a satallit© powar distrlbutson manager 10. Ilia 
s&teite pernor dis^ilx^on maregaMO datarminas the 

40 m&l fc&mmmm power cap&£% of eacb sat^lite and 
dWas the s^aite's availarJa pwar among the ftiufS- 
pia sarth stations communicating the sate^ite. The 
satait^s total availa^a pwer and distrsbiition per eailh 
station may ba datorminad in a vari ^y of mainars, such 

4$ as frc>m pr©as§ign^ vaBu^s for eash satallita stoad en a 
data &&&e 72, Optsonaiiy, ^e pwar disfributiors mars- 
agar 70 rmy empirfea^y oateufate the power dlstrlb^on 
feetwaars earth stations for a sataS^a Msad on &Mml?M 
use data e^ldandng past demands of the sataita mm 

so a desired p^hod of time. As a furthar atenatfce, t?a 
pm$$ ^ c^stslbytJon manisgar 34 may pwode&Hy racalcu- 
^ate the total p<mw avaiSabSe to g^ad^ sat^!!te based m 
pwsr ferfs^ek r^^rts from mch mtlh station. As yat 
a further aJtanativa, tha power distribution may be 

5$ basad on the number of user ismirals ragssf ared in a 
mm of oo^^raga. The system's ova^ powar may be 
s^iift^d to cptimfee or equally load 0aeh sataiiie by rass» 
signing us^ terminals, and/or subba^fe between sata^ 
Sitae and/or aej'th statiojia. 
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The SOC SO informs each earth station ZB and 29 
of the available patella power which may be ueed In 
connection with user Wmmis assigned to the earth 
station. For instance, the SOG 20 may tnferm a&rth sta- 
tion 28 that it may dis£*uia SCO wits between the 5 
beara&^ubtends of satellite 30 which are assigned io 
the earth station 2B, and 200 watts among the 
beams/subbands of satellite 31 whfch are assigned to 
earth Watson 28, Thus, aerihs station 28 may instruct 
saiefe 30 to transmit up to 500 wato of transmission %$ 
power'wHNn-tl'te subbandsas^gnadtD8£Mr8i station 2& 
SMIar iy, the earth station 28 may instruct sate$te 31 to 
transit up to 200 wafts of power pn the bearn&feubbareds 
aesegned to e&rt* station 28. in addition, the BQQ £0 
may inform each earth station of a maximum power UmX 
w&oh may be transmitted by each satellite per &ubhartd 
per hmm spot This power limit es determined by the 
SOC 2D in .order -to eneiim fh&t the cwaft system does 
not exceed the power flux density regulatory require* 
msmt$ as established by the Fedara* Comfminicatais so 
Commission. 

Upon raosMng the sataite power aifoc&tas and 
regulatory limits from the SGC 20, each earth station 
thereafter aradependenfiy controls the power levels -.of RF 
signals trarssmitt^d by ssfe&las to each ue&r terminal 
.% ©jplainsd befow; the baseband managers 150 In the 
eartb stations distribute satelsta femrnission power 
among the predicted cfi&nneis without exceeding the 
mbbmti regula&sry power Mt$ and the satellited avail- 
able power assigned to the corresrxrsding earth station, ao 

Throughout cper&ta, each mnft s&to provides 
power demand feedback information to the SOC 20 
which is used to update the power avocation among the 
esrti stations. By way of example, the feedback Mot- 
mat™ may inc&jtiethe total power required of the sat- 35 
e$ta to maintain oorrimunicatfena linte. wrtft minimum 
ssghai quality, In this manner, the SOC 20 monitors the 
actual and required satellite power usage relative to 
Mml operating power Segals. The SOC 20 periodically 
updates the satellite power alte&ijons to each earth 40 
station based on feedback information from the sarfh 
stations concerning toads and required satellite trans- 
mite operating pow&r Isweie. 

Optionally: a mobHe Sink teat rnoduie 24 may be pro- 
vsded measuring a satail&a tmnsmfe operating 4$ 
lm$. The teal module 24 aommunsoetas me&^rermnte 
directed to the SOC 2& Alierrmt&eSy, or In addfen, a 
telemetry channel may be maintained bemoan the sat- 
ellite and each associated ©a* station. Wban tbs 
teterosSry char? nel b used, the satell ite may tetemetef so 
transmission operating snformate to th@ earth station 
which in turn relays it to me SOC 20. Tha SOC 20 in 
turn ulilkea #ia talam@tarad jsat^iita operating infoniia- 
tion while ^dating the power a^oc&tfons. 

Ead^ sarth slafcn aatsmatas Its oinwit fetal satah b$ 
lite p<»w usage reiativa to the alteafad pwat Each 
aarlh atafion estimates and controls its sateliita pmmr 
usage par subtend per beam relate to tha ragiia^ry 
power Nmfta proved ^ the SOC 20. Each earth Nation 



par-forms user ievgr power control and dynamic fade 
margin adjustmmi^ fot each user (as explained below), 
Periodical the earth stations report total saieHfte 
power usage, along pwer usage pa?- eu^Hnd per 
b^sm for each associated satellite. 

Turning So Fig. 2A, an earth state 28 is siystated 
In more detail The earth siaibn inoludes a baseband 
manager ISO, a pSuraiity of beam processors i-53, ande 
plurality of modems 154. Each beam processor oper- 
ates in connection wsth an assigned beam emitted fey 
the s&!e». Each beam processor includes one or 
more subband power manager 156 which rranage 
pcwer dis^ibutson among the subtends In the asso^r 
.ated team. Each subband power manager 156 commu- 
nicaSes with a plura% of modems 154. Each modern 
154 opemtes m coraiection with a single channel 
assigned to a p^rticylar user terminal. Each subband 
power onager 158 communicates with all oi tse 
modems 154 which support channe&s m s s«ngfe corre- 
sponding suhband, Each modem 184 jnc^od^ a tor- 
mrd link pwer controller 1 SO which comroie the power 
OTi^ed by the seteS^e m^nln the s^band «5orrespond- 
Ing $0 the oh^nn@ras^gnad to the modem 154. Each 
modem 154 includes a mod&iaior 1B2 and a dar?odt^a- 

164 fer modular ng and desradulatrng RF slga^s 
transmitted from and receded by eart? station in 
connecte wsthlhe associalsd channel Th& RF agn^s 
fitted by modufators 182 within modems 154 corre- 
sponding to a aingie sutorKl ere combined at a sum- 
mer IBS prior to tanamsssion to form a composrie RF 
signal fef the aubband. T^e composite RF signals are 
transmitted along with a reference tone {explained 
ba^ow). 

The baseband smnager 150 includes a aale^Jle 
power manager 158 and beam load manager 181 which 
opiates according to the tew process ^ustrated in 
Figs. to control power diet? ibutson among beams 
transmitted by the satelle to user termi nals assigned to 

earti station. 

Rg, 23 iiiuatratas the i^erconnadion betweao the 
t^ae^and manager t50 and a beam processor 152 in 
more detail, Hie sat^te power manager 158 reo^ves 
the totaS sateiJjta power allocation for the earth stamen 
from the SOC, The satellite power manager 158 a^o 
receive fie number of ejected channde to 
assigned to the ear^i s^tim per beam o3 the assod- 
atad eata?lite. Trie eatei&te pwer manage 158 
recedes, as feedback, the difarence between the 
required and allocated total power per suhband "for eech 
beam from the beam processor 1 52, The &aieite power 
manager 158 cojumonioates m$h the data base 153 
which may slore FFD limfe dwnloadaye from the 
SOC. The FFD limits rna>< be accessed by geogfapric 
region and carder frequency which are dap^ndeM ypsn 
the seteifste^ current poaition sM the beanvof interest. 
Refening td Rg. 3A, the satellite p»er manager 158 
obtains f$tep 1 70) the totaf available svelte power 
from the SQC 20. At ^ep 1 72 s the mtmm power man- 
ager 158 (5btasns the subbaod FFD limits snd at step 
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174 obtains the channel assignments par beam (from 
the SOC 20 or a database). At step 176, the sateite 
power manager determines the -power to be &8ooatsd to 
MCttsubbMcL 

Ths$ determinate may be based on the number of s 
potential user terminals expected to. request channels 
within a parioilar subband Alternatively, !Ns dc^erml- 
mliQft may be based on the position within the satellites 
field of view of the beam containing the present sub- 
band As a ^rther alternative, the subband power alio- w 
cations tm$ be based on data concerning past usage 
demands. By way of exempt^ usertarmsn&Ss may regis- 
ter aopqreSng to one of several processes set forth in m- 
pmding applications entitled "Sal^life Based OeiMar 
TeksoommunjcatiGns System Utilizing A &MipBe Regis- is 
trsfer Lseafcfon Register" and entitled '"Earth Stationed 
Subsystem" lied on or about M&y 1 , 1 996 and assigned 
to the aasignee of the pras&rct inveniioa The Wo above 
noted co-pendfng application -are incorporated herein by 
reference In their entirety. At step 178, the &ubband #o 
power a^eaiions are passed to corraaponeing &ub> 
band' power managers 158. 

At step 180, th© sate&ta power manager 158 
obtains the feedback differentia! belwaan tbe subband 
required pcmw arid the subb&nd allocated power fern 25 
the Subband Power Manager 158. At istep 182, the&fr 
ali its power manager 1 58 combines iba feedback dfe* 
an8$te for ail of the ad3band$ ot the current s&te&te and 
reports, to fie SOC, the total required pwer and the 
total alocated eate&te power, wm t the sate! 1st© power 30 
manager 1SS reports to the beam \m6 manager 1S1 
{Fig, 28) the required ssM>and pow&r and the allocate 
subband power. Next it determines that step 188 (Fig. 
3B) whether f^e a^ocatad subband pgwear e&caeds the 
required eubband power. If so, conimJ passes to slap as 
190 at which the satellite power manager 1SS rscords 
the amount d excess subband p>wer for future use by 
othar mte&nds wNch may need additional power. 
Rstumir^ to et@p 188, if the allocated subband power 
does not eaoeed the required pwer, then the subtend 4& 
needs additional power. Hera&/ficw passes to m& 188 
at which the satellite poavw manager 158 determines 
whethar otbar ai&bands have recorded acoeas power 
wft&h may be reallocated to the present subband in 
need of addftboalpwer. At step 1 92, if auch additional 4s 
power eafefe the satellite power manager 158 reallo- 
cates the power torn the subband in es&ess to the sub- 
band in need and passes power aibcatiorss pm 
swbband to the aubhand paver manager 1SS, Exos^ss 
p«^r r^fjs^nts the power Plotted to a sutend, but -so. 
not needed to adil^e tha des?rM quality of service for 
th^ user terminate cwsfitty m um, Tb^ &&cess power 
rapo?1 ato Ind^cafee when to umt tsrrnirmls demand 
more pom* fern a particular p^m ten has been alto* 
o&tel thereto by the sate^te powsr manager 158. the ss 
mMlM powa* rmna§er 1S8 uses lha access power 
report to reallocate pernor b^wee^ baama> such as 
wb@n one beam r^yir^ rr>Dfe powar than has been 
allocated therata whste mi adjacent b^arn does not 



require-all of fe aitotsd p»r. 

Whan t)e excess powar reportsior all oflhetoms 
aesign^ to the sarlh statin indicate tbat addtsonaJ 
prntsr rmmm, optionally, the sateite power manager 
158 may distribute the excess add^onarpowar amc^ig 
the subbands. The dietjiMon of additional power may 
be mm or unaven according to some other desired 
functson. Gnoe lha manager 158 al totes ail of the 
available power to the beam spots, the baseband man- 
ager 150 reports back to tha SOG 20 fha diffarence 
b^ween tha necessary minimum total sate&te pwar 
ar?d ihe aJfots^i power. Thus, if ^e bsasTB assigned to 
Hie eartb station 2B onl^ raqusre 80% of the Maf power 
aiboated by lha SOG 20 f the baseband manager 150 
retime tbi$ irjferrrsatjon to the SOC 20. Qptbnaliy, 
SOG 20 tmy shift the unneeded 20% to beams upan 
the satellite which have baen assigned to a diffarant 
earth aMion by a^tputfing nm ^offitepomr a^boatsai 
arnounts. 

^ocording to the foregoing process, the baseband 
manager 150 contsnuoissJy i^sdatas the subbarsd power 
avocations for each baam baaed on the t^ai sataBita 
pmm* aMo^tion, FFD limits and the us&ga recorded 
from each beam processor 152, 

Turning to Rg, 4, a h®&m processor 152 is Mm- 
tratsd in mora detat. The beOTt processor 152 Indudes 
a sii>band power manager 156 which snoWas a signal 
to noBae (SUB) ratio catenate module 157, The SHR 
mlcuMmn module 167 accedes a data base 155 {Fig, 
2) to obtain a required SNR v^ue for the current usar 
terminal based m the user terminars type. The user ter- 
nisnsra t$$B rmf be ptmk$B& by the bas^and manager 
150, or rm$ m stored in mm base 155. The SNB ¥alua 
obtain^ from d^a base 155 raprasents a minirmim 
required ShJR value necessary to aohia^e a quality of 
servsoa desr^i by the usar terminal lh% SNB cala^a- 
te module 15? further reoeives the tbrwasx3 firsk SHR 
variance fmm tb^ modem asssgnad to the current user 
terminal. T he SNR caloula^on n^odu^ 157 also obtains 
a 'lade margin" for the current dianne! asSD&atad mm 
the currant user terminal The "fada mar§in w n^yesmts 
a pred^ersi^ned bias value added fes the minimum 
requirsd SMRA^ua for a mmr terminal in o?d^' to com- 
per^sate fer rapid fluctuations m the reoe^ed po^ar la^el 
act the user terminal. These f botuaisons mm s^ident^ 
mpid that they are diWIoyft to omract by the systam 
tirough sta normal po^er oontml loop. Thus^ a bias m 
"fade margin* is added fo the mm$wn 8MR value to 
er^ura that, dimrsg a minimum of a rapkl te^a^on, to 
powe^' Imd naver fa^s beSw the ^est acceptable 
value. The beam processor may determine the fada 
margin ter eaoh user t^minar basad on the subb&nd 
power aSlooateon received imm lb® satellste power mm- 
agar tSB, the user terminal type and pssion ^thin an 
associated beam spot The fade margin may also be 
determined bas^ on fem^rd SNR fes*aok statistics 
reported from a modem 1-54 xorreepom^og to the cur- 
rent user terminai. The ^de margsn may a^so be based 
on the aurreni power usage of the modem. The SNR 
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calculation module 1S7 combines the required SNR 
value, SN R variance and fade margin to generate a new 
required SNR value for Hie forward fink (PL) with the cur- 
rent user terminal. This required Ft SNR value is sup- 
plied to the modern control module 159. 5 

Figs. §A and SB illustrate the processing sequence 
carried out by the subbartd power manager 158. Initially, 
modem controller 159 obtains the subb&nd powsr allo- 
cation from the-.sateiSte power manager 1 58 far the cur- 
rent scibband {step 200). At step 202, the -SNR ?o 
calculation module 157 calculates- the required 8MB 
value as described, above. The modem controller 159 
outputs the desired SNR value to the modem 154 corre*- 
sppodeng to the current channel within the current sub- 
b$nd. The rnodani controller 1 59 also outputs the powm is 
limit which may not be exceeded by the modem. True 
modern 154 drives the satellite to emit .sufficient power 
in the forward Itnk to estabfeh the desired SNR value at 
the user termini. The mod^ thereafter returns the- 
power level r&qwoti of the safefe to achieve the £0 
desired SNR value. The modem controller 159 recover 
feedback information from afi of the .modems corns- 
spprgSrig to the current subbaftd and determines the 
total required power of the currant subbarsd to achieve 
the desired SNR values for &sch channel within the cur - £5 
rent subband. The modem controller 159 then deter- 
mines whether the allocated power for the current 
suhbaod exceeds or & fee than the total power 
required to achieve the desired SNR values for each 
active channel within the subb&nd. The modem control- so 
Isr 159 distributes this excess power by determining a 
desired forward link (PL) SNR value lor each user termi- 
nal The desired. FL-SNR m\m represents the SNR 
level to he maintained by each modem for the forward 
link of the associated channel. Th$ modem controller 35 
159 calculates the desired SNR ievei for the current 
modern based on the associated user terrrunai's desired 
FL-SMB value and the excess power available [step 208 
in Fig. SA). The modem contour 159 outputs the 
desired FL-8N R mlue and outputs the maximum powsr ^ 
ieve! to which the modem may .drive the satellite trans- 
mitter for the associated channel 

A& gapi&ined b&o&\ each modem 154 continuously 
adjusts the OM$iu\ power of *ts associated channsi to 
maintain the desired receive SNR v&Jue in the pres- 45 
ence of beam spot, motion and user motion, Thereafter, 
the modem returns, to the modem controller 159 f the 
forward link satellite output power leva! emitted in the 
current chsnml by the satellite. At step 208, the modam 
controller 159 coatees PL required modern pmm \m- $0 
els returned from each modem lor a subband to deter- 
mine the total stibband pcwm. The modem controller 
159 ofotasns a difference between the required PL sub- 
bard power and the available FL subband power aHot- 
ted by the baseband manager and returns a difference 55 
power level to the satellite power manager 158 (step 
210). The subb&nd power difference presents thadsf- 
feera between the available subband power, as pro- 
vided by the baseband meager, and She required 



subband power, as determined by the feecfcacK from 
the modsm$ for the current eubb&nd. 

Turning to Fig. 5S, once the sybband power differ- 
ence ?s caicuSatad at step 210, ftovv passes to step 212 
at which the controller 1 57 determines whether the allo- 
cated subband power exceeds the required subband 
powar. If so, sha excess power is distributed among the 
modems in a desired manner (step 214), In addition, 
this excess is reported bask to the satellite power man- 
ager 158, As explained above, the satellite power man- 
ager 158 may decide to take away the excess power 
from the current subband and ete&le it to another sub- 
band and/or beam (see Figs. 3A and SB), If the decision 
In step 212 is negative, the flow passes to step 218 at 
which it t© determined whether the required subba^d 
power speeds the allocated subband power, If so, the 
modem eontrdldr 159 reduces the desired FL-SNB val- 
ues br the user terminus within the current sx^btend in 
order that the output power level associated with the 
deseed Ft -SNR values does net exceed the located 

OpBonaJly, th© dedred F.L-SNR value for each user 
terminal may be reduced unevenly aaoss the suteand 
such as to mamtaln the desired FL-SMR va^ue of each 
user tarrrunal by a proportional amount above the mini- 
mum required FbSNR value for each user terminal 
This overpowered condition is reported at step 218 to 
the satei^te power manager 158 whid> will subse- 
qsient^y, ff possibie, aibcate addional pov^er lo the sub- 
band in an overpowered state (as explained above an 
o>nnection mih Figs. 3A and 3B), In addition, at step 
220, t^e subband load r^Mnager 188 mav be instruct^ 
to direct new calls to a«id from user terminals in the 
sanie beam to &no$w euttand other than the current 
subband which is operating in an o^oaded pernor 
sSate. "nu^ lhe su^and load manager 163 distributes 
nm cai?s among tie su^ands m order to avsid over- 
loading 0? a sangie subfeanil Iri^ subband fead man- 
ager 1 63 may operate fnd^endently in response to the 
feecfeck r^afed from the sisbband power manager 
1 m or a^ernatlvefy under the direct controi of the beam 
!oad rmnager 181 in bas^>and manager 150. 

At step 192 (Fig. SB), the beam ^©ad manager 161 
may determine which ^sbbands within the current beam 
use the least power to direct the ssjfeband load manager 
IBB to redirect new calls according^. The beam load 
manager isi fen assigns a new channel to Me under- 
pcwa'ed sji±^and and r^iaysthe channel as^ignm^nt to 
the subband load manage!' 163. The siW>and tod 
manager 1 $3 then uaee this aasignment inforration to 
establish a new chann^^ mth tha nw user terrdnat 

Of>tiona?l^ at st^p 222, a handover processor 185 
within the load manager 183 ma^ be activated 

to handeftrer ^oo^■d^■■hwe ^weha^^fe from ths mr- 
rant subband to a different subtend within the aame 
hmm spot By handing over channels between sub- 
bands sn this mailer, the handover processor 165 shsfla 
toad between stteands. The handover proce^or 165 
may be controlled by the 'aubband pa» v manager 156 
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and/or by the beam load mamger 161. tfccmfrollsd by 
the subbar^d powsr roanagar 156, the handover proces- 
sor 165 receives its instructions ta-eftecta harsdovar at 
slap 122 {Fig. 5B). the handover processor 1SS is 
controlled by the beam load manager 181 , the handover 
instructions will be transmit!^ at step 192 {Fig. 38} as 
part ©f 9m sufcb&nd power jsatoratioft prccess mnm 
out t>y tsa baseband manager 1 50 

According to tha abova process, each beam proc- 
essor 152 receives* from the satellite psjwar manager 
158, the total powar abated to aach subb&nd within 
the assorted bmm, Th$ Paam prooas&or 152 
receives, from each modem 134, the wreot powar out- 
pul led for mzh teward l i nk to an sctiva user tsrmina?, 
afcmg with the v&r fence withm the fosw&rd link's signal- 
io-nosse ratio. The signaHo-nossa ratio varsarasa repre- 
sents the statistical difference In the BUB value 
racesved at the user terminal and the das^sd SN R v0m 
asstgnad to the niodem 154. The bmm processor 152 
may receive fern each modem 154 type of user ter- 
minal basng serviced by the modern 154 in an active 
communications fink 

The beam processor 152 outputs a desired FL- 
SMR vabje.-fo be receded at the user terminal, along 
with & mximism ^ataJIrt© power output in connection 
mih each modem 154. The b$ara praoas&or 152 
returns to fee satellite power manager 158 a difference 
between the available asihtaid power arsd the required 
subband power for each §ul$smd wjthsn the beam asso- 
ciated with the ounrent beam prossssor, TM beam proc- 
essor 152 may aco&ss a data base 155 to ©biain 
rgquifl&d FL-S&R y&iuas for each type of user terminal 
and any other desired' SNR statistics, such as Ngh vari- 
ance, Sow? variance The data base of SNR values ss 
dcwtadable from the baseband manag&r each time 
tse beam processor Is assigned to a new beam. Thus, 
!h& content of the data base 1 55 may be a taction of 
ifo® current beam's portion within the satePe's fseid of 

Rg. 3G fetr&tes the processing sequence foh 
iowed by the saf&IBte pernor manager 1 58 wher* it eteier- 
mlne$ that the totaS demand of siigufefends m ai beams 
assigned to the present bas^and manager (earth sta- 
tion} a&oeed *ha satellite power allocation for these 
beams (st^p 194}, &8tepi9& the salalfe pawgr man- 
ager 1S8 reduces the subb&nd power ^locations «&r ail 
beams associated wstvthe current earth ss&tion. This 
reduction may be performed aosetfding to a predefined 
fixed iftre&hoid valto. to each subtend. A^arnat«vely f 
this power reductson may ba parformad according to a 
predefined or calculated percentage of th^ toM power 
allocated to ^h stM>ar?d in o^er to raduoe sub- 
bands mors stfan§y At st^> s^t^^l^ power 
TTsnaa^r 158 Informs the SOC that the powar dem&rsc! 
has e^ceai^ tha allocated power for tha beams OTra- 
eporsding to tha ousrent earth statsoa As axp^a^aj 
atare, tin® SOC may redsstrlMa power a^loratJon 
between aarth stallons ^> swre a^en^ load th© sate^- 
Bm ami bgarrs thereto. Optjonai^y, the SOC rrmy afeo 



reassign user terminals and'or subbands andfer baartB 
between overlaying satafes to shrft load from the sat- 
eilita cperating m m overloaded position to -a satgsite 
operating m m ur^mlmdmi sMs. 

5 MM, the discussbn turns to the pc&ver contol 
(oops^ iised in connection with tha ferwa?^ §nk PL (Rg. 6} 
arsd the return \mk RL (Fig. 7) of a shannelto ^rmire a 
desired ssgial qmMy at the user terminal 10 and at 1h© 
earth statson 20, r8^pG§v6)y. 

to B^mning with Fig, 6, an sarfh station 28 ar^J a 
us@rtefmi?ial W ara ilfeistrated, Wti\§ tha jntarmediate 
safaiiite has n^ baen illustrated, it is ondarstoocl that 
m® communications links between the earth atato and 
user term^ 28 and 10 pass throu^i an associated 

is' coverage aatei^a Th.s eafth 28 jncbdas a trans- 
mitter 11 which Mns* RF signals along a forward 
\mk PL to a iwaiycHr 2 M tha user termini 10, The 
tmmtm 2 passes tha jneornmg RF signal a signal 
proceasor 4 which daternnes the rece?ved signal q^al- 

so \tf {a.g„ SNR), The signarproo^ssor 4 ou%jiu^ a ssgnsJ- 
to-nois« ratso (SNR) v&Bu® corra^ondjng to the 
racoEvad RF signal. Tha SMR mlm ts oofr^^ecl m a 
mu^tsp^or 8 with m outgoing traf jc- signal which 8s 
passed to ih® tmnsmfftar 8 and transmsttad to the earih 

25 station 2B via an RF m^rn Mk RL A receiwr 9 at th§ 
aarth station 2B rece?v@s the RF ssgnai upon the return 
link RL The RF signal is passed to e modem 1 S4 v^hish 
dOTodulatastha RF ^jgjials andd&fms&tip&axes tha SMR 
value torn tie traf ic infermatfon. Tha modem 1S4 com- 

so pares the mo^jv^ SNR vaiua with tie dasfred 8MB 
value (delivered 1rom !ha oorre^)anding b®m^ proofs- 
eor 152), Basad on f^ss oorrpar^on, the rnsdam 154 
iocraasas or ^ecr^sss a po*mi leval s^p^sad ix> the 
tonsm^r 11 As a^pianad baSo^ the pwar lave^ sat- 

35 ting ir^ructa tha sateile ^ sncraasa or decrease ih® 
outp^ tensrnissbn power of SLtssaqowt RF sigmls 
afeng tha associated forward link 

Hie pm& toe! omtmi loop st Fig. 8 is r^>eated 
cor^fiuous^y throughout oommunioation b^aen an 

40 mrth station and aaoh aotive usar tarrsna^ in order to 
rmlnt&iri the oulput powar of lha sataiste at a ^eval suff 1- 
dant to ensora tet tha receded SNR v$&m at the usaf^ 
tarminal 10 ^i^atantsa% a>rr0spo?^ds $® ^a dsssrad 
SNR vafua dai^miin^S in the earth abator 28. Gpdon- 

4S alJy; the mgna.1 processor 4 may be mod?f jad to osfculata 
th6 rsc^iv^d SNR va^u^ based on sevwaS incoming RF 
sigr^^s sn ortlar to obtain an awage of these rmi&pla 
raoas^ad SNR values. By m^er^ng the raseivad Sf4R 
v^uas for muSipfa incoming sai^tes, th« pros©ssor 4 

so av^ds uorsecassar^ dra^s &hort Imm variations in the 
outpi^ pmmt lavaL 

Wsth reibr^nca to Rg. 7, fXM^ar level oontrd l^cp 
w dsssoibed in conned3on vytththe raturn Snk SLio 
mmm that f^a rasaiver 9 in tha earl^ staion 2B 

m reoesvea the d^rad sigmi qua%. Beginning at user 
termM 10* an RF signal m by transmitser 8 
along the- return- ^ RL which is race^vad at receiver 9. 
An SNR tea! module 13 tests tha ssgnai-^noisa ratio of 
t?e inoomsng RF signal at reoeiver '9. The received SNR 
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value is compared with the desired SNR value, and the 
difference therebetween is used to determine a new 
power setting cornrnand to be passed to the isser termi- 
nal ID. The new power setting command identifies the 
powm \®>td at which the transmitter 8 must emit RF sig- 
nals along return link RL to ensure that the s&teKife 
receives such RF sjgnafs v^tli sufficient quality, The 
power setting commands are combined with an outgo- 
ing traf ic ®gmi within a muftipiexor 7 and passed to the 
transmitter 11. The tmnsmftter outputs tte RF signal 
containing the power setting commands along the for- 
ward link FL !o Jie t^m^na? 10. A demultiplex 3 sfepft- 
rates the power level commands from the traffic £i$m\ 
and passes the power level commands to tha transmit- 
ter S. The transmitter 8 updates Its output power based 
on tn$ reoesvsd command, According to the fore- 
going loop, !h& return Ink power is maintain&d at a 
desired \®mL 

With reference Id Fig, 8, next the discussion turns 
to the process used to automate^y control the power 
output levels cif -the satelta transmitter in forward links 
to ail of the asso^iat^d us®r termsnsk, Fsg. S ifetraias 
a satellite 300 which recaves RF signals transmitted by 
earth stations 302-306 along forward feeder links 308- 
312. Each earth station 302-886 includes a baseband 
subsystem 314 which ■ ttxnmunicates. with an antenna 
subsystem 318. Tftetesb&nd subsy^m 314 Includes 
a mylt^axor 318 which receives RF signals containing 
communications data, command information and the 
Bike along tr&f fc channels 320 lor all of the user termi- 
nals assigned to the oadh stetson 302. The multiplexor 
318 ooRibifees-.the.-RF signals along traffic channels $20 
with a reference tone produced by tone generator %2Z, 
The cenirm?nratione signals arid reference tone are 
passed along line 324 to the antenna subsystem 
through an sutomstlo gain controller 328. 

The automatic gain controller 326 ia controlled to 
adjust the aggregate output power transmitted by 
antenna 328 along the feeder link 808, The RF signal 
transmitted along forward link 308 is received at a 
feeder link 330 and passed to an automatic gain control- 
ier 332. The gain of the automatic gain controller 
332 Is adjusted to fence tie teve£ of the reference tone 
embedded in the RF signal to achieve a desired lm®l of 
the AGO output By adjusting the g&sn at AGO 33:5, the 
reference tones from each of the rnu&ple feeder 
are driven to the same power i wels -wNie- maintasn^ the 
relationships between sndiv idyal user power and the ref- 
erence tone. In tfria v^ay, any differences in propaeptto 
loss batmen the mtffEpte feeder links have been oon> 
pensated prior to combining the BP signals. The 
container 336 combines the RF signals received at 
feeder finks 330, 338 and 340. respee&vs^ and outputs 
same from the antenna 342 which defies the courage 
razors of the sateNita Next an example is illustrated m 
connection with Figs. 9A and 98 Id ajsptasn the manner 
m which the preferred embodiment se^iwes automatic 
iwei control 

Fig, 9A ifestmtea an exemplary RF signal 350 'pro- 



disced &y the .multiplexor 318. The RF signal 350 
includes communications data for multiple 'subbands 
352, 354 and 358. The composite signal 350 also 
includes a tone 358 prockioed by tone generator 

5 The reference tone 3S8 has an amplitude correspond- 
ing to a predefined power output level. For instance, the 
tone 350 may correspond to t&Q vmtts of transmission 
power ulttrraately transmitted by the sateile 300. Urn 
composite RF signal 350 i$ passed through the antenna 

to subsystem 3 1 8 and transmitted from antenna 328. 

During transmission, the RF signal may pass 
through 'jfrterterence*- such as clouds, rain and the te. 
Such imerfar&nce may after the magritiidas of the sig- 
nals witNn each subband 352-358 and the magniti^de of 

is the rsferance tone 358, The received composite signal 
380 m Fig, 9A is r^?r^entatiye of the signal received at 
feeder l^nk 330. Th© received composite signal 360 
includes aubbanti signaJs 3S2-3S6 &rtd& reference tone 
858. The fnagnjtudes of the su^>and signals and r^fer^ 

so ence tone have increased, although, the relative ampW- 
tudm batwaen the subband ^gnals 352-35S and the 
r^arence ton® 358 have not changed. The filter 334 
adjusts the gain of the AGO 332 until it outputs ^e 
received reference tee 363 at an arnplftude corre- 

25 spending ^3 the praddlned ampit^ids associated wi^h 
the predetermined output power \md (e& f two watts). 
Tliereaflef; the AGO 332 is controHad to output the 
adjusted composite RF signal 370 (Fig. 9A). As 
adjusted by the AGO M2 t the RF signal 370 indtides a 

30 re^reficed tone 378 equal in magnitude to the 

reference tone 358 output by the mu^iple^or 318. in 
addition, tha amplitudes of the BP sjgnals in subbands 
372-376 equal --the am^ihidas of tte original aibband 
signals 352-356. 

m Accordingly, by confining reference tones preas- 
signed -fo a corresponding transmission power level, the 
earth stolon is able to ensure that the satellite recedes 
o^er the feedef 1 fink a composite RF signal having a 
desired r^atson between t^s tone and traffic signals 

40 transmitted from the earth stations The subsequent sig- 
nal tr&nsm^ed from aitenrta 34^ corresponds fei arr^^ 
tisds to the ampistudes ss^sished by the relation 
between sol^sr'ftd signals 372-376 and refsran&S! tone 
37a, According^ by ad|^in§ the amplitude of the syfe- 

45 band signals 352-356 at the rnoden^ relative to the rat- 
erenro tone 358, ..the earth station ?s able to cosWol the 
fransmsssjon power generated w«thin each subband at 
the antenna 342. 

Fig. 9B furlher i^o^trstes a $sso©nd e^mpSs of the 
autornatsc Sever oor^rol process aooo^ing to the pre- 
ferred smhodirnent of the present indention. Rg. 9B 
illustrate m original c^nposlte RF signal 380 ( a 
received oomposit« RF sfenai 390, and an adjusted 
OOitpos^e BF &gml 400. The original and adjusts 

55 composite signafe 3B0 and 400 include sobband signal 
3^-384 and 402-404, which are equal in m&Bb&L 
Reference tonos 388 and 406 a'e also squal in m^l- 
fud& This ampiituds re^onship Is maintainsd mm 
though the receive composite RF signal 390 indited 
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subb&nd signals and a reference tone W2, 394 and 396 
which substantially differed m mpMudi^ irom the mgl- 

The adjusted composite RF signals 270 and 300 
are combined m the 3-way combiner 238 and transmit- 
ted along corresponding subtends to the intended ter~ 
minais. 

According to the above describe preferred embod- 
iment of the present inv^rttoa the SGG 20 afbcates 
total satellite power and defers same to each earth 
station. Wsthsn the earth sttion ( t^eM$a^gnd manager 
subdivides She sateifees total allocated power between 1, 
beams and subbands. Hie beam processors, upon 
receiving the subband power attentions, control sets of 
modems associated with each subb&nd to achieve i& 
required forward Srsk 8NR values. The modems adjust 
the output power of RF signafe transmitted from the 
antenna subsystem to the s&teljfce via. ihe feeder link. 
The modems maintain & desired raJ&tion between sub- 
band power and a reference tone within eaofo ^ 
tmnsmi^ted RF signal The satefe adjusts the AGO 
associated with each feeder Isnk based on the reference 
tone wftbin each received RF signal to properly adjust 
the gain of the incoming RF signai. T^e siii then 
combine the adjusted RF signals from the muJ&pfe £5 
feeder Sinks in a combiner and transmsts a composite 
RF signal from the antenna troughs the satellites 
field of coverage with corresponding stibbarsds of pre- 
defined power wfthm each bmm spot. The modems 
raceme feedback with respect to the sign^ quality and so 
ad| ust the satellites output power by adjusting the ampli- 
tudes of the RF ssgmis within the composite RF signal 
350, The beam processors, baseband manager and 
SOG adjust the power ^located to e^ch beam based on 
feedback from the modems. 35 

CSptlon&fiy, a test module 24 may be provided prox- 
imate tie earth sta&on to receive a test RF sign&i trans- 
matted from the safe&ie 30. The test module 24 
measures the tote* feeder Sink pa&er r&Mve to the ref- 
erence tone based on a return ssgnai from the sataiiite 40 
80. 

Optionally, the baseband manager end bmm proo 
essor rmy cooperate to redsstnbote pwer tnefelly 
reserved for future predicted otenneSs to active chan- 
nels which require additbnai power to achieve the mini- 45 
mum acceptable SNR value. For instep, if a particular 
subband ss predicted to include 20 channel trie base- & 
band manager end beam processor vM reserve suffi~ 
dent power to service 20 channels 8 they become 
acfcim However, during processing if 5 channels ere so 
active and the remaining are inactive, the beam proces- 
sor and baseband manager may reallocate a percent- 
age of the reserved power $0 other beams and/or 
subbands which are in need of additional p»w. Hie 
baseband manager and beam processor wi snHMy 55 
divide the available power to support a predetermine 
minimum number of additional active ehannete from the 
20 predicted channels. 

White particular eiemenfs> emisodlments and appli- 



cations of the present invention have Desert sh«n ard 
described. It will be understood., o* course, that the 
invention m not limited thereto since ra^ificationis may 
be made by those skilled in the art, partoiady in light of 
5 the foregoing teachings, 1 Is, ther&lbre, cootenpiated 
by the appended claims to cover such modifications as 
incorporate those features which come v^than the spirit 
and scope of the Invention, 

A power control subsystem In a sate&ie based tele- 
eaismynlcations system for distributing satellite 
iransroJs^on power among a plurality of commune 
GaiiDns chann^s betvy^en at least one earth station 
and at lm§i one usar terminal through a satellite, 
said subsystem oomprsing; 

An operating center for assigning e toteJ satd- 
lite available po$?er for use by a sateite with et 
iest on^ communications ch^ne^ sesd chas^- 
bang In a Redetermined suteand in a pre- 
determined bmm emltt&d by the g&teBsfs; and 
an earth station for cwtroBing d^rtatjon of 
seki totgf availabte po^ar aniong oommunisa- 
tlons channels m subbands d beams emitted 
the sat^ilte, said earth station including a 
basebai^d manager fof dividing said ks^l avail- 
able power between subbands to prwsde sub« 
band power affeosfions, easth stafe 
induding a beam processor for determining a 
desired signal quaJity to be raintaned by the 
sateHite along said w^mimioations channels, 
said beam processor adjusting ea*d desired 
signaJ qua^stv besed on said stMsand power 
afcetions, 

2. A sOssy^M according to claim 1, wherein said 
earth station further indudes a pyra^^ of modosm 
assigned to a oorre^onding number 0? cawiirsi- 
catiom channels, ^id modems adjusting a-sstmite 
tensmlssion power Sevel, at which the satelite 
RF sjgf^ls along of tewrd lin^s of said com- 
n^jnlcataons channels, to maintain sasd dessred mg - 
narqua% determined by said beam pjroce^sor; 

A subsystem according to oMm 1, wherein said 
baseba^ manager determines subband pwer 
^loc^tons fbr ®mh bmm based on total sateite 
power a^oc^tion, FFD \\r$ti§> and required pwer 
ie^ete reported from s&id beam pr^ssor. 

4* A si&svstem according to cMm 1 , wh&re?n sakj 
beam processor det^m^ ^de margins for each 
user teminai wi^n a beam based m ^&and 
power aliosatiotis. 

B. A Sifesystem according to dam 1, wherein said 
beam processor determi nes We nwg«ns bas^J on 
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user terminal type and user terminal position wethm 
a f^ld of vtew of amt0to- 

8. A subsystem according to claim 1. wherein said 
beam processor -dsterrrrings fade margsns based m 6 
signa^to-noise ratfo iofofrmfion ported to said 
beam processor from a modem corresponding to a 
current met terminal 

?, A subs^iero accordlrsg to o&im 1, wteein said to 
baseband m&n&gerrgalioo&tes power between first 
aid second subbands to shit power to said first 
sub&and wh?ch requires addition®* power and to 
shift power from said second suhband which 
includes mmm pow^sr 75 

S« A su&sy&tem according to clmm 1 3 therein said 
beam processor dsore&eee a de&sn^d signal-to- 
noim ratio for a ODrrespondmg subband wh@n a 
corresponding modsm indqaies that suff sdent £<? 
power hae mt hmn allocated to said subtend to 
achieve dMr§d signa?«fe-nos0 rafe 

9. A subsystem accordirtg to claim 1, therein said 
b&aro processor reports a subband pow&r demand $5 
for mzH subband to the feseband manager. 

10. A subsystem ao^ing to claim 1, wharein sasd 
operations center divides a lota! pwer capadty of 

a common satellite between earth stations using so 
beams of the common satellite. 

11. A subsystem acceding to claim 1, wherein sasd 
operations center provides to said earth station 
power limits per subtend per b^ara .35 

12. A subsystem acoordirsg claim 1, $?berers said 
operations center reallocates a total pmw c&pmfty 
of a common satellite between ea* stetsons using 
beams 0! the common sat^rte based m feedback 40 
power raqufrewHi W^bmmim from said earth sta- 
tions. 
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Obtain Feedback Differentia! of 
Sybbond Required Power vs. Allocates Power 
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Combine Feedback Differential and 
Report to SOC total Required Satellite 
Power vs. Allocated Sate! Site Power 
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Report Required Subband Power 
vs. Allocated Subband Power to 
Beam Load Manager 
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